It is a definite possibility that organs which are primarily elements of functional systems other than the reproductive system are involved in sexual maturation. The adrenal glands are attractive candidates for such a role in sexual maturation : they are capable of producing androgens, oestrogens and progesterone, not only in the adult, but also in the prepubertal animal. This points to the adrenal cortex as source of hormonal material that may be directly involved in sexual maturation. Studies in which adrenalectomy, followed by reimplantation of the adrenal glands, was performed, provide proof that medullary degeneration does not influence sexual maturation (Gorski & Lawton, 1972 , 1973 .
weight after adrenalectomy. Recently, however, Gorski-Firlit (1976) reported increased oestradiol levels in a study of short-term effects of laparotomy stress and ovariectomy, suggesting adrenal oestro¬ gen secretion in certain circumstances of stress and at certain ages. Clearly, no final conclusion can be reached for the moment on the nature of adrenal oestrogen-like products or the situations and age periods during which they may be secreted.
With regard to progesterone there seems to be no doubt about the adrenal production of this steroid in the immature rat. However, no definite answer has been reached here concerning the ques¬ tion whether the adrenal glands are the major source of progesterone or whether the ovaries are the main contributors to the plasma progesterone levels. Adrenal progesterone has been reported to be secreted in a circadian rhythm; progesterone levels were found to be quite high 11 days after ovari¬ ectomy on Day 22 of age (Ramaley & Bartosik, 1974) while low levels of progesterone, and loss of the rhythm, were reported 7 days after adrenalectomy on Day 22 (Ramaley & Bartosik, 1975a) . These data are in favour of the adrenal glands being the major source of prepubertal progesterone production. In agreement herewith, Macfarland & Mann (1977) reported undetectable progesterone levels by Day 25 following adrenalectomy on Day 21. In contrast, Meijs-Roelofs, de Greef & Uilenbroek (1975) reported a greater decrease in progesterone level at 1 and 2 days after ovariectomy than after adrenalectomy, both operations being performed on Day 18. These data indicate that the ovaries are the main source of progesterone. Since, in these studies, the sum of the losses after either operation was higher than the amount of progesterone present in control rats, ovarian-adrenal interactions in progesterone production cannot be excluded. Possibly, the existence of such inter¬ actions as well as differences in experimental design of the studies account for the apparent discrepancies in conclusions about the origin of plasma progesterone in immature animals.
Work on man has emphasized a possible role of adrenal androgens in sexual maturation. The blood level of androstenedione and of dihydroepiandrosterone has been found to rise before the start of hormonal changes known to be related to onset of puberty (Sizonenko & Paunier, 1975; Collu & Ducharme, 1975; Ducharme et al, 1976) .
Interactions between the adrenal glands and the reproductive system in the pubertal animal At various levels the interactions and parallel functional development of the adrenal glands and the reproductive system have been reported. For example, the circadian rhythm of plasma progesterone, mentioned above, only develops after establishment of the corticosterone rhythm (Ramaley & Bartosik, 1974 , 1975b , suggesting that the corticosterone rhythm induces the adrenal progesterone rhythm. Adrenal progesterone secretion may be stimulated by ACTH treatment in the immature rat (Macfarland & Mann, 1977) as in the adult rat (Resko, 1969; Fajer, Holzbauer & Newport, 1971 ; Piva, Gagliano, Motta & Martini, 1973) . Endogenous ACTH secretion takes place following a circadian rhythm, which persists after adrenalectomy (see Gorski-Firlit, 1976) , indicating a central nervous origin of this rhythm. Bartosik, Szarowski & Watson (1971) described a stimulating in¬ fluence of PMSG-stimuIated ovarian tissue on the concentration of progesterone in adrenal vein blood, suggesting that the functional condition of the gonads may influence adrenal progesterone production. A possible interaction between ovarian and adrenal progesterone production has al¬ ready been mentioned.
Characteristic changes in basal as well as stress-induced patterns of corticosterone secretion re¬ lated to the first ovulation, occurring spontaneously or induced by PMSG, have been reported (Ramaley, 1972; Ramaley & Bunn, 1973; Ramaley & Olson, 1974) , and they suggest that the onset of ovulatory actiyity stimulates adrenal function. These changes in adrenal function related to onset of ovulatory activity were suppressed but not eliminated by castration (Ramaley, 1972) .
More experiments relating corticoid secretion-reproductive system interactions have been re¬ ported. Stress may cause, in addition to effects on corticoid secretion, a delay in onset of ovulatory cyclicity in mice (Paris & Ramaley, 1973 , 1974 . The effects of adrenalectomy on gonadotrophin levels have also been described. Döhler, van zur Mühlen & Döhler (1976) reported increased serum levels of both FSH and LH following adrenalectomy. However, Rabii & Ganong (1976) found no greater increase in LH levels after combined ovariectomy and adrenalectomy than after ovariectomy alone. Recent findings in our laboratory (Meijs-Roelofs & Kramer, 1977) A decrease in prolactin level after adrenalectomy in immature rats has been reported (Gelato, Dibbet, Marshall, Meites & Wuttke, 1976) .
Experimental alteration of adrenal function and sexual maturation An obvious parameter in studies in adrenal influences on sexual maturation is the age at which vaginal opening and first ovulation occur (see Ramaley, 1974) . A delay in both phenomena following adrenal¬ ectomy has been reported, in part accompanied by an increased time interval between vaginal opening and first ovulation (Ramaley & Bunn, 1972; Gorski & Lawton, 1972 ,1973 Ramaley, 1973 ;  GorskiFirlit & Lawton, 1974; Ramaley & Bartosik, 1975b; Ramaley, 1976a, b; Macfarland & Mann, 1977 The process of ovulation itself might show alterations in adrenalectomized rats: triggering of the ovulatory gonadotrophin release by adrenal progesterone has been suggested for the adult rat (Feder, Brown-Grant & Corker, 1971; Lawton, 1972; Mann&Barraclough, 1973; Pivaetal, 1973) , and effects of adrenalectomy on follicular development and number of ova shed were reported by Peppier & Jacobs (1976) . However, Mann, Korowitz & Barraclough (1975) found normal full ovula¬ tion in acutely and chronically adrenalectomized rats and no overall effect on the ovula¬ tory LH release, apart from a change in time pattern of release. Therefore, in the adult rat any effects of adrenalectomy seem only marginal.
In the pubertal rat the effects of (chronic) adrenalectomy on the number of ova shed are not convincing: normal numbers of ova after adrenalectomy were reported by Gorski & Lawton (1973) and Macfarland & Mann (1977) , whereas ovulation of fewer ova was reported by Gorski-Firlit & Lawton (1974) , even when no delay in age of vaginal opening was found. Data on the acute effects of adrenalectomy on spontaneous first ovulation are, so far as we know, lacking. We have recently studied such effects by performing adrenalectomy between 08:00 and 10:00 h on the morning of first pro-oestrus and counting the ova the next morning between 10:00 and 11:00 h. It was found that the number of ova shed was within the normal range (7-12 ova) for all experimental groups, being 8-4 + 0-3 (N = 10) in adrenalectomized rats, 9-8 ± 0-4 (N = 8) ova in sham-operated and 9-5 + 0-5 (N = 11) ova in intact rats. The difference in the number of ova shed by adrenalectomized and shamoperated rats was significant (P^0-05).
Specificity of adrenal effects on sexual maturation The crucial issue in experiments aimed at exploring a possible contribution of the adrenal glands in sexual maturation can be formulated in two questions. Is parallel functional development and func¬ tional interaction between the adrenal glands and the reproductive system a prerequisite for normal sexual maturation ? The second question arises, when the first one is answered affirmatively. Can the contribution of the adrenal glands to sexual maturation be called a specific one ? As discussed, secre¬ tion of adrenocortical hormones has been thought to be of importance for sexual maturation. Especially, changes in rhythmicity of adrenal function have been thought to be related to the pro¬ gress of sexual maturation (see Ramaley, 1974) . Concerning the adrenocortical factors involved, Ramaley (1976a) (Ramaley, 1976b) that it was not the daily rhythm of corticosterone but rather the presence of a certain level of this hormone which was essential for the normal timing of pubertal events. Thus the adrenal rhythmicity seems a coincidence with, rather than a cause of, pubertal events, whereas the non-existence of func¬ tionally important adrenal sex steroids seems to be demonstrated by the lack of definite effects of adrenalectomy on uterine weight and on gonadotrophin secretion (see above).
It is furthermore of importance that the adrenal effects on age at vaginal opening and first ovula¬ tion are moderate and are, as discussed, no longer present when not only age but also body weight is used as an index of general somatic maturity. The effects of adrenalectomy on the numbers of ova shed do not seem to be conclusive.
The adrenal cortex does not constitute, in our opinion, an essential element in the maturation of the reproductive system. However, indirectly, by way of its influence on general metabolic processes the adrenal cortex is important for sexual maturation, more specifically for reaching at a normal age the stage of bodily development that seems crucial for onset of ovulatory activity.
